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Abstract
Biological control using pathogenic microsporidia could be an alternative to chemical control of the diamondback moth
(DBM) Plutella xylostella (Lepidoptera: Plutellidae). The microsporidium Nosema bombycis (NB) is one of the numerous
pathogens that can be used in the Integrated Pest Management (IPM) of DBM. However, its pathogenicity or effectiveness
can be influenced by various factors, particularly temperature. This study was therefore conducted to investigate the effect
of temperature on NB infection of DBM larvae. Second-instar larvae at different doses (spore concentration: 0,
16102,16103,16104, and 16105) at 15u, 20u, 25u, 30u and 35uC and a relative humidity(RH) of 65% and light dark cycle (L:D)
of 12:12. Larval mortality was recorded at 24 h intervals until the larvae had either died or pupated. The results showed that
the spore concentration had a significant negative effect on larval survival at all temperatures, although this effect was more
pronounced (92%) at 35uC compared with that at 20 and 30uC (.50%) and 25uC (26%). Histological observations showed
that Nosema preferentially infected the adipose tissue and epithelial cells of the midgut, resulting in marked vacuolization of
the cytoplasm. These findings suggest that Nosema damaged the midgut epithelial cells. Our results suggest that Nosema
had a direct adverse effect on DBM, and could be utilized as an important biopesticide alternative to chemical insecticides in
IPM.
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Introduction
The diamondback moth (DBM) Plutella xylostella L. (Lepidop-
tera: Plutellidae) causes considerable economic losses worldwide to
brassicaceous crops, and occasionally to other crops. Control of
this pest is usually achieved through the application of synthetic
insecticides that is estimated to cost more than US$1 billion/
annum to control. Management costs and crop losses caused by
DBM account for US$4–US$5 billion [1]. The high cost,
environmental contamination, development of resistance to
chemicals, and pest resurgence [2,3] associated with the current
DBM control practices have encouraged the search for alternatives
that are more environment friendly. Microbial control is an
environmentally sound and valuable option to control this pest. In
Malaysia, Nosema bombycis Negali is one of the several pathogens of
DBM in the field [4]. DBM mortality is higher in younger instars
(first and second instars) than in the older instars. Further, even at
low concentrations, infection is remarkably higher for both larvae
and pupae in highlands than in lowlands [4].
The effect of temperature on the biology of Nosema needs to be
investigated because it is one of the most important ecological
factors for the development of insect populations. Therefore, this
study investigated the effects of Nosema spore concentration on the
different stages of DBM reared at different temperatures.
Establishing a correlation between temperature and pathogenicity
of Nosema infection would be beneficial in determining whether
Nosema can be applied as a DBM controlling agent. The optimal
temperature at which this pathogen might be more effective in
controlling the pest was studied. This information might help in
determining whether this pathogen could be used in integrated
pest management (IPM) and whether the amount of pesticide
required could be reduced considering that Nosema-infected
populations are more susceptible to the toxicity of the insecticides.
In insects, the midgut is a dynamic tissue of the alimentary canal
that acts as the route of digestion and allows absorption of digested
food. Thus, we studied the effect of Nosema on this active organ.
The results are also expected to provide useful information on the
histopathology effects on larvae caused by Nosema.
Materials and Methods
Diamondback Moth
Disease-free DBM larvae of the University Putra Malaysia
strain were obtained from the Malaysian Agriculture Research
and Development Institute. The stock-culture of DBM used
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